Introduction-Patients with renal insufficiency have an increased risk of atherosclerotic coronary artery disease, cardiovascular events, and sudden cardiac death. Due to under-representation of patients with renal disease in large clinical trials, outcomes of implantable cardioverter defibrillator (ICD) implantation in this group remain unclear.
Introduction
Sudden cardiac death is reported in the U.S. Renal Data System to account for 50-60% of dialysis patient deaths, likely due to increased atherosclerotic burden. 1-5 Endothelial dysfunction, ventricular repolarization heterogeneity, volume shifts, and metabolic abnormalities associated with renal insufficiency and dialysis may predispose patients to arrhythmogenesis. 3, 6, 7 Despite progress in the management of cardiovascular disease, mortality following myocardial infarction in patients with end-stage renal disease remains significant, with an unchanged 2-year mortality of over 70% from 1977 to 1999. [1] [2] [3] 8 Patients with advanced renal disease were excluded from all major randomized ICD trials, leaving uncertainty as to the role of ICD therapy in this population. 9-12 Both Multicenter Automatic Defibrillator Implantation Trial (MADIT) and MADIT II excluded those with a serum creatinine of > 3.0 mg/dL, and while the Sudden Cardiac Death-Heart Failure Trial (SCD-HeFT) 12 was more inclusive of etiology of cardiomyopathy, it was even more restrictive of those with renal impairment, excluding those with a creatinine > 2.5 mg/dL. 13 As such, it is uncertain whether patients with renal insufficiency who receive ICDs experience a significant improvement in mortality. 14,15 We sought to determine the long-term mortality of patients with renal insufficiency, including those who are dialysis dependent, after implantation of cardiac defibrillators.
Methods
All patients undergoing ICD implantation between October 2000 and September 2004 in Department of Defense medical facilities were included in the study. Inpatient and ambulatory records from all Department of Defense medical treatment facilities were evaluated from the Military Health System Data Repository (MDR), an administrative database. For each inpatient or outpatient medical encounter, up to 20 diagnostic and procedural codes, International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM), were recorded. Eligible records were identified based on a procedure code (ICD-9-CM, 37.94 through 37.98) indicating ICD placement during the study period.
For each patient, the determination of primary or secondary prevention as the indication for implantation of the defibrillator was identified based on ICD-9 codes from the index hospitalization. Underlying cardiovascular disease and associated risk factors were identified to include percutaneous coronary revascularization, myocardial infarction, cardiomyopathy, congestive heart failure, hypertension, hyperlipidemia, and tobacco use. The presence or absence of chronic renal insufficiency was noted, as was the specific nature of renal pathology. To avoid inclusion of patients with transient causes of renal dysfunction, patients were included only if renal insufficiency was noted on more than one out-patient evaluation prior to implantation of the defibrillator. Admission to hospital for heart failure was identified by the inclusion of ICD-9 codes for heart failure within the first three discharge diagnoses associated with the hospitalization.
Continuous variables are expressed as means ± standard deviation. Student's t-test was used for comparison of normally distributed continuous variables, and Chi-square test was used for categorical variables. Confidence intervals for the risk ratios were calculated from the formula of Green-land and Robins. 16 The method of Kaplan and Meier was used, along with the logrank test to compare survival among groups. 17 The Cox proportional hazards model was used to examine the influence of covariates on survival. 18 Significant P-values were < 0.05. Statistical analysis was performed using JMP Professional 5.0.1 (SAS, Cary, NC, USA).
Results
During the study period, a total of 741 patients underwent 947 defibrillator implantations. Over a mean observation period of 4.9 ± 1.4 years, these patients had 4,031 hospitalizations and 80,250 ambulatory medical encounters. The patients were followed for a mean 2.0 ± 1.7 years after index ICD implantation. The mean age of the cohort was 64 ± 14 years and 599 (80.8%) were male (Table 1) . Prior to defibrillator implant 195 patients (26.3%) had chronic renal insufficiency, with 22 (2.9%) of these patients requiring hemodialysis. Among the 195 patients with chronic renal insufficiency, one or more pathologies were specified for 102. The most common cause was hypertensive renal disease (49, 25.1%), followed by nephritis (37, 19.0%), and lower nephron nephrosis (12, 6.2%).
Compared to other patients, those with renal insufficiency were significantly more likely to have ischemic heart disease (92.8% vs. 80.8%, P < 0.0001), congestive heart failure (91.8% vs. 69.2%, P < 0.0001), and surgical coronary revascularization (64.1 vs. 41.8%, P < 0.0001). There was a trend toward more percutaneous coronary interventions (32.3% vs. 26.0%, P = 0.092).
Patients without renal failure had lower all-cause mortality than patients with chronic renal insufficiency. The 1-year survival for those without renal failure was 96.6%, compared to 87.8% with chronic renal insufficiency, and 88.7% for those undergoing hemodialysis. These differences further diverged over the duration of follow-up (up to 5 years) (Fig. 1) . Multivariate analysis demonstrated that renal insufficiency was a statistically significant predictor of increased mortality independent of the presence of congestive heart failure, ischemic cardiomyopathy, and diabetes mellitus ( Table 2 ). In those ≥65 years of age, the mean survival of those with renal in-sufficiency was 3.4 years (88.1% survival at 1 year) versus 4.9 years (94.6% survival at 1 year) in those without renal failure (P = 0.007). In those <65 years of age, the mean survival of those with reported renal insufficiency was 3.3 years (87.6% survival at 1 year) versus 4.8 years (99.2% survival at 1 year) in those without renal failure (P < 0.001).
Utilization of resources was evaluated for both hospitalizations and ambulatory visits, excluding those visits specifically for hemodialysis. The median number of outpatient visits per year for those with or without renal insufficiency was 28.5 versus 15.3 (P < 0.0001), respectively. The mean number of hospital admissions for heart failure during the period of observation for those with or without reported renal insufficiency was 3.8 ± 4.0 versus 1.2 ± 1.9 (P < 0.0001), respectively.
Discussion
Despite the exponential number of annual ICD implants and the increasing cost to the health care system, little is known about the prognosis of renal insufficiency patients receiving ICDs. This study demonstrates that ICD patients with renal insufficiency have significantly increased mortality and increased utilization of health care resources compared to patients without renal failure. Although our patients with renal insufficiency had increased risk for mortality by virtue of increased prevalence of diabetes, congestive heart failure, and ischemic cardiomyopathy, regression analysis reveals increased mortality in those with renal insufficiency independent of these comorbidities.
While a recent report suggested that more than 60% of ICD patients in a large, unselected population have at least mild renal insufficiency, 19 the benefit of ICD therapy to this group remains unclear. This is, in a large part, due to the fact that renal patients have been underrepresented in, and in many cases excluded from, the major randomized ICD trials. 9,20,21 The MADIT-II trial, one of the few studies which had reasonable representation of renal patients who made up nearly one-third of the study population, demonstrated that an elevated blood urea nitrogen was associated with increased mortality in both the ICD and the control groups, 22 and was associated with increased mortality following a first appropriate ICD therapy. 23
MADIT-II reported a benefit of defibrillator therapy independent of renal function. 10 It is uncertain, however, how representative MADIT-II renal patients are of all patients with renal insufficiency, as randomized trials are subject to selection bias. Increased overall mortality in the renal impairment group may have important implications for this subset of patients. 24 Preliminary analysis of the SCD-HeFT suggests potentially favorable cost-effectiveness with ICD therapy, but this result is based on long-term extrapolations in which ICD patients have an average life expectancy of >10 years 25 -an assumption that clearly does not apply to most patients with chronic renal failure.
In previous studies, more than 70% of the deaths in ICD patients with mild renal impairment were non-cardiac or nonarrhythmic. 26 The U.S. Renal Data System reports 2-, 4-, and 5-year cardiac arrest event rates of approximately 18%, 37%, and 53%, respectively. 2,27 These figures correspond to our findings of 2-, 4-, and 5-year all-cause mortality rates of 19%, 31%, and 46%, respectively.
Limitations
Our study is retrospective and drawn from data in an administrative database, susceptible to limitations inherent to all such studies. Some measures which may be relevant to the outcome of interest are unavailable. Specifically, quantification of renal function is not possible. Although our investigation was a retrospective cohort study, confounding factors were addressed by multivariate regression methods. Importantly, this study does not attempt to specifically assess the efficacy of ICD therapy in patients with and without renal insufficiency. Rather, total mortality, an endpoint less subject to bias, is reported. Based on the observation that renal patients have worse overall prognosis, additional data collection to better assess ICD efficacy in this selected population appears warranted. Data collection could take the form of a prospective randomized trial of ICD therapy in this unique group, or could include the modification of the NCDR-ICD Registry database, which has been mandated as a condition of compensation for expanded ICD indications. 28
Conclusions
Patients with renal insufficiency who undergo ICD implant have a significantly greater mortality rate and a higher heart failure admission rate than those without renal failure. These findings may have important implications for selection of appropriate patients for ICD implantation and for the cost-effective use of ICDs. Additional study to identify which renal insufficiency patients most benefit from ICD therapy is warranted. Long-term postdefibrillator implant survival of 741 patients followed for a mean of 4.9 ± 1.3 years (2.0 ± 1.7 years after defibrillator implantation) for 84,281 medical encounters stratified by documentation of renal insufficiency (with and without need for dialysis). Significant differences in mortality noted early after implant with continued separation throughout period of observation (by log-rank test, P < 0.00001). 
